








We   have   recently   started   to   understand   that   fundamental   aspects   of   complex   systems   such   as 
emergence,   the  measurement   problem,   inherent   uncertainty,   complex   causality   in   connection  with 
unpredictable   determinism,   time­irreversibility   and   non­locality   all   highlight   the   observer's 
participatory role in determining their workings. In addition, the principle of 'limited universality' in 
complex   systems,  which   prompts   us   to   search   for   the   appropriate   'level   of   description   in  which 
unification and universality can be expected', looks like a version of Bohr's 'complementarity principle'. 
It is more or less certain that the different levels of description possible of a complex whole ­­ actually

































































object   of   path­breaking   research   since   the   sixties.  Owing   to   the   early,   seminal,   contributions   of 







order   parameters   and   the   macroscopic   order   parameters   determine   the   behaviour   of   the   parts’ 
collectivity) and they offer a new apprehension of the fact that determinism does not necessarily imply 
predictability (a corollary due to sensitive dependence on initial conditions and parameters).


























Hadamard  probably  was   the   first   to   articulate  what  we  now call   `sensitive  dependence  on   initial 
conditions' or `the butterfly effect' ­­ that hallmark of chaos. Indeed, it was in the year 1898, almost 
twenty years before the dawn of quantum mechanics, that Jacques Hadamard published his work on the 
motion of particles  in surfaces with negative curvature.  He showed that   this  motion is  everywhere 
unstable [8].
Specifically,  Hadamard utilized a  simple description of  all   the  possible  sequences,   induced by  the 
motion on the geodesics of surfaces with negative curvature. His idea was to project this motion onto 
partitions upon the surfaces in the regions and examine all possible trajectories of the visiting particle. 
By   constructing   a   finite   set   of   forbidden   pairs   of   'symbols'   associated  with   each   region   of   the 
partitioned surface, he subsequently showed that the possible sequences are exactly the ones which do 
not contain the forbidden pairs. Actually he was the first to introduce the new and powerful tool we now 




early  1910's.  Further  decisive  progress   came  again   through  Poincaré.  He  was  concerned  with   the 

















enough,   a   Finnish  mathematician   named   Sundman   was   later   able   to   find   a   series   of   the   type  
Weierstrass had asked for. But Sundman's technique, though constructive, is useless for any calculation.  
So it remains undeservingly forgotten.


















disk  here,  complexity  enters   through  the  nonlinear   relationship  (the  curved  surfaces  of  disks)   that 
develops among its parts (the disks). It is this aspect that renders the dynamics of such a system chaotic. 


















prediction,   represents   no  more   than   a   fantasy.  This   fantasy   stems   from   the  Newtonian/Laplacian 
paradigm. As a matter of fact, it embodies something more than even a fantasy. It embodies a persistent 
fallacy in scientific and philosophical thought, which has lasted for over three hundred years. Laplace's 





















































This   system   is   one­dimensional,   but   it   is   characterized   by   a   state   variable,   say   x,   which   takes 
continuous values within an interval, say [0, 1], and is updated in a discrete fashion at each discrete 
time step, t. Updating follows the simple deterministic rule x(t + 1) = µx(t)(1 – x(t)), where µ is a real­
valued  parameter.  By  changing   its  parameter,  we  observe  a   tremendous   repertoire  of  qualitatively 
different dynamical behaviours: from stable periodic to quasi­periodic and finally to chaotic. For µ = 4 





determined   in   'theory',   although  not   determinable   in   practice   due   to   the   fundamental   inability   to 
explicitly describe any typical initial condition (i.e. an irrational number) in full accuracy. Moving from 
this  point­like  'topological'  description of  trajectories  to a probabilistic   treatment,  we come upon a 
different picture. If we specify as observables not each point but the statistics of each typical trajectory,




















we   have   an   operator  which   evolves   entire   ensembles   ­­  with   a   concomitant   smooth,   stable   and 
predictable evolution. We have gained predictability for the collective, but lost the ability to ascertain 
the   fate  of   the   individual;  we have   lost   the  certainty  of  each  sharp  outcome,  but  gained  accurate 
prediction of the probabilities of repeated outcomes.
 6         A Glance at Irreversibility 
In   the   above   picture,   in  which   the   probability   densities   evolve(b)  deterministically   and   all   initial 
probabilities tend to the invariant probability density, we can say that the system looses `memory' of its 








However,   the measurement  problem (either   through  the collapse of   the wave function in Quantum 











system studies admit  of  a   treatment  which bears   important  similarities   to   the operator  algebras  of 
quantum mechanics ­­ especially the Dirac picture of quantum mechanics based on the duality between 
states and observables; along with all the interesting problems of convergence and non­commutativity 
that   this   brings   in   its  wake.   The   role   of   non­commutative   algebras   underlying   the   fundamental 
connection of unpredictability and complex causality in the framework of another picture of quantum 
mechanics,   that  of  Heisenberg’s,   and   the   'trajectory  based'  picture  of  quantum mechanics,   i.e.   the 
original   approach   of  Bohm  and  Hiley,   is   elaborated   in   [13].  There,   new   perspectives   on   'Active 











































we   can   never   tell  with  which   attractor  we   are   going   to   end   up  with.  The   unavoidable,   slightest 
uncertainty in the approximation of initial conditions will set us off on a totally different evolutionary 









early nineties as a result  of such studies  in nonlinear science,   this route embodies a novel kind of 
bifurcation.   Such   an   abundance   of   complexity   implies   that   the   slightest   disturbance,   fluctuation, 
fuzziness or approximation renders predictability absolutely impossible.
Here  too,   then,  a  deep analogy with  quantum mechanics  comes  to  view,   related   to   the  celebrated 








In  particular,   the  quantum  two­slit   delayed  experiment  was   studied   in   the  above   reference.   In   the 
delayed double slit experiment, the possibility of altering the initial disposition of the state vector ­­
thereby inducing it to switch from one final state to another by altering the geometry of the setting­­ 











































































networks   that   display   system­wide   dynamics.   These   networks   range   from  metabolic   pathways   to  















































One   of   the   greatest   twentieth   century's  mathematicians  working   on   probability,  B.  O.  Koopman, 





























in   time   and   space   to   observe   their   function,   or   even   their   occasional   absence;   you   need   to   be 





foundations.   It   also   calls   for   a   new  kind   of   scientists.   They   need   to   be   aware   not   only   of   their 
limitations, but of their objectifications. In addition, they need to be familiar with the relative merits of 
different, complementary or even seemingly contradictory approaches to their subject­matter.
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